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(54) Multiple power source system and apparatus, motor driving apparatus, and hybrid vehicle 
with said system mounted thereon 



(57) In a multiple power source system of the 
present invention that has an inverter connected to a 
reactance, such as three-phase coils in a motor, a high 
voltage battery is connected with a low voltage battery 
via one transistor (Tr2) and one diode (D2) included in 
the inverter and one phase coil (U-phase coil) of the 
three-phase motor. The transistor Tr2 is turned on to 
make the electric current flow from the low voltage bat- 
tery to the U-phase coil. The transistor Tr2 is subse- 
quently turned off at a preset timing, so that the electric 
energy accumulated in the -reactance, that is, the U- 
phase coil, flows through the diode D1 into the high volt- 
age battery and thereby charges the high voltage bat- 
tery. This arrangement enables the charging process 
from the low voltage battery to the high voltage battery 
without any complicated circuit structure for the voltage 
step-up. The three-phase motor may be unipolar driven 
with transistors connected to one side of the inverter. 
The arrangement of the present invention does not 
require any complicated structure, which undesirably 
increases the size of the multiple power source system, 
in order to ensure mutual supplement of the electric 
energy between electric systems having a large differ- 
ence in voltage, for example, an electric system for driv- 
ing a hybrid vehicle and an electric system for its control 
circuit 
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Description low voltage power source. The structure oi switching the 

relay or another contact may be replaced with a struc- 

BACKGROUND OF THE INVENTION tore having duplicate motor windings, where each coil is 

independently connected to the power source. These 

Field of the Invention s structures, however, make the apparatus undesirably 

bulky. ' 
[0001] The present invention relates to a multiple [0005] The apparatus having the plurality of power 
power source system that includes both a high tension sources may not work properly when either : one off the 
electric system driven by high tension' electric energy high voltage power source and the low voltage power 
and a low tension electric system driven 'bf lower ten- w source has an insufficiency of electric power. In order to ~ 
sion electric energy. More specificairy the invention per- solve ttfis problem; a voltage step-up and step-down cir-' 
tains' to 1 a multiple 1 " power source system that r cuit is provided to enable the electric energy to be sup- 1 
compensates for an insufficiency of electric energy in a plied -to the electric system having an insufficiency of 
certain electric system, as well as to an apparatus and electric energy This structure enables one electric sys- 
a vehicle with >ie' multiple power sburce system is tern having sufficient electric energy to give the excess 
mounted thereon; r '*-' : - - * 4 '* electric energy to another electric system having irisuffh 
-■*■*-'" '■' - ; ' ; : i; ^ > 1 > dent electric energy THiis effectively reduces ihe pass* 1 * ■ 
Description of the Reiated'Art" ; : : ! " ?u ' T - r ' : bl^'riialfuncSon of the industrial'- apparatus. • r: :: 
- v - • • ' " [6603f Iri this case/ however, a separate circuit is 
[0002] Electric energy is usable in a wide range of 20 required to step up and down the voltage between the 
technical fields including thermal, optical, power-driven; plurality of power sources. Tnis undesirably increases 
and data communication, and is used as the energy the required -number of electric parts and makes the 
power source' of various industries' Each apparatus uti- power source circuit rather complicated, thereby 
lizing the electric eVieirgy has predetermined ratings and increasing the manufacturing cost and lowering the refi- 
ensures^ the normal operations under predetermined 25 ability. The voltage step-up and step-down circuit uses a 
rated voltage and power. Apical industrial apparatus reactor for converting the electric energy to magnetic 
includes a plurality of devices having different rated volt- energy and re-cohverting the magnetic energy to elec- 
ages and a plurality of power sources having different trie energy. A large reactor is required to accumulate a 
line voltages for these devices. By way of example, an sufficiently Isirge magnetic energy. Even the step-up and 
electric vehicle has a high voltage motor used for driving"' 30 step-down circuit which is provided only for the emer- 
the vehicle and a low tension;etectric system used. for, gency purpose to compensate for the insufficient elec- 
tor example, a computer, which controls the output trie power in a power source system, thus occupies a 
torque of the motor, tamps, controllers, and : auxiliary relatively large space and increases the total weight of 
machined. ; ' the industrial apparatus.* ' 
[0003] With the advance of semibonductoAeehnol- J 35 ' 

ogy, the use of semiOTiiductor eiements, such as power r : * SUMMARY OF THE INVENTION : 
transistors arid thyristors/ desirably simplifies the struc- 
ture of a power converter unit like an inverierra : oon-" [0007] The object of the present invention is thus to' 
verier, or a chopper circuit/ These power cirwerters are ; ssnplify the structure of a multiple power source system 
controlled with a high accuracy by the computer, f he ? 40 having a plurality f bf power sources for driving a three- 
recently developed industrial apparatus includes a phase motor, and also to simplify the structure of an 
charge-discharge^ unit that enables charge and ' dis- apparatus, for example, a hybrid vehicle,' with the multi- 
charge of electric energy,' for example, a battery r or a pie power source system mounted thereon, 
power capacitor, as at least one of the plural power [0008] At least part of the above and the other 
sources. For the purpose of energy saving, nori- 45 related objects' is attained by a multiple power sburce 
required mechanical energy is regenerated as electric " system that supplies an elect ic power to a three-phase 
energy and charged into the charge^discharge unit! An" motor, which has Y-connected windings. The multiple 
auxiliary power source is provided as a back-up power power source system includes: a first direct current 
source in the case of a failure of the main power source. power source; a power control circuit that is disposed 
[0004] In the apparatus having the plurality of power so between the first direct current power sburce and the Y- 
sources, contacts and diodes are generally required to connected windings of the three-phase motor and has 
connect the plurality ot power sources'with the devicies. switching elements, which are switched on and off to 
This makes the structure of the apparatus rather compli-' supply an electric power output from the first direct cur- 
cated. For example, a device with a contact, such as a rent power source to the three-phase motor; and a sec- 
relay, is required to selectively connect a power source ss ond direct current power source that is different from the 
of interest with an artuator. A diode having the rectifying first direct current power source. In the multiple power 
function may be used to prevent the electric current^ source system, one terminal of the second direct cur- 
from flowing from the high voltage prawer source to the rent power source is connected with a terminal of the 
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first direct current power, source having an identical 
polarity. The other terminal of the second direct current 
power source is connected with a neutral point of the Y- 
cqnnected wiridingsjn the three-phase motor. 
[0009] The multiple power source system of the s 
present invention enables the two direct current power 
sources to be connected ..with -.each pther f by a simple ? 
arrangement of connection without Rising any ^contacts 
or-.diqd.es.. ^ *. 2 :p u:!fr ^ ^../^ v.. 

[0010], . j .The multiple .power Murc^system^pf; tjje.%. 10 
present invention has a variety of ppsstole : app!\cati9ns. J - J 
In accordance with one possible applic^ion, the.firs^ : 
direct current power, source js chargeable yvith a Nghet ^ 
voltage than the second-, direct .current power source.. , 
The multiple, power- source^system of this ^ppUcation , is 
further- igdudes a charge .unit .that controls ^.switch-on t 
and -off operations of ra^ specific switching element, : 
which is connected to specific ,wir}ding selecjted^ 
among the .Y-connected windings. ot the, three-phase 
motor, , so as io step up a voitage using thq.^ecific 20 
winding,, thereby causing the first direct cuqent power, 
source to be charged with an electric power output from L 
the second direct current power source. This arrange- . 
merit significantly simplifies the Wuc^Mre qf charging ., 
the first direct current power .Murce .wijh the second . 25 
direct current power source. TTiis.accor^i^ 
the size and the manufacturing cost of the : whole s^em^ 
and, improves the, reliability., "THhis , structure does, not , 
require any semiconductor elements or reactors (wind--, 
ings) for the voltage step-up cirpuit. . [ t fj y ...^30 
[001 i] ., In the multiple power-source system of. the " r 
preser^ .invention, the/windings of the three-phasq 
motor and the switching elements of the powercoptrol. 
circuit are utilized as the constituents of the voitage 
step-up circuit of the charge jjnit-This ensures th^v 35 
effective use of the electric parts. 
[0012]. . In accordance with one preferable embodi; . 
ment of the present invention, the power, cpntr ol dipii^ 
includes, a palr L pf the switching eleiperjts that ^re pro-. M 
yided for each of the wfndings of the three^phase rhotpr., 46 
and.^ejmerp^ed.jte^een a^positive pfw& line and a f 
negative power , line, of trie first "direct current :. power! 
sourca. Each of. tl^e switching elements is^connected 
with a protection diode. A connection point of each pair " 
of the switching elements is^connected to the pqrre- 45 
sponding winding. The charge,^ unit . switches oh a 
switching ^element that is selected among the pair^ of r 
the switching elements and .is included in a closed cir-" 
curt including ,t^ ; second direct current power source j 
and the coirespo^^ subsequently ^turhs~ so 
off the selected switching element, so. as to cause, the ' 
first direct current power source to, be. charged f via the~ 
protection.diode. This.OTangement ^rpplHies thp struc : 
ture of the voltage step-up circuit ~ V- v~ . -n: 
[0013] .,; In one-, preferable, structure! .of ^. the above ss 
application, ..the ^multiple power source system" has / a : 
charge sensorihat. measures a charge level of the.first. 
direct current power source by the charge unit, and a 



charge control circuit that controls a working condition 
of the charge unit, based on the observed charge level 
by the charge sensor. This circuit structure enables the 
electrical energy to be automatically supplemented for 
the direct current power source having an insufficient 
level of the. remaining charge. 

[0014] , In aqcordanqe with one embodiment of this 
structure, th'e.charge cc^pJxirc^it indudes^.a detection . 
urttthat,de^ cur-. . 

rent pc^e^aaurgeij t^^wjibe .otee^^*arg%J.fve[ . 
byjhe charge. ^er^r^and ^ worWng condition determi- 
nation unit thatdQl^r^^^ 

charge 'unit Jbased op* 'a! result of the pae^on by^thej ! 
detection unit. This struc^re.eri^les the ^charging qper- '. 
atioh oi the charge unit to be automatically concluded. . 
The charge sensor may directly measure the charg 
and/or discharge electric* cur^rrt^qf frg r charge pntLsq 
as to determine the charge level of the first direct cur- 
rent power .source by : the .charge, unit The .charge sen T 
sor may, alternatively estimate Ttha.c^rge l^.el indir.eictly 
from a working .condition of an apparatus tH^t is driyen 
with the charge unit as the power source. It is preferable 
th^t the working condition detejrnjn^Qri t ^ ' 
determines the working condition „oi the charge unit, hot, 
only controls a, start and a termination of the, charging ~ 
operation.of ttie charge unit, but regulates the~stepL-up 
voltage or the i step-down voltage of the,charge, unit, in 
orc^rto prevent , an excessive "load frpntbeing applied to 
the^ch^ge! unit.) Fci^^ 
vojtage jstepiip an^ r ^%)-ctoW 
working ronditioa^^^ ui^regukt^tBe!^^ 
ra& pf a senijconduc^ element jr^decf in . 

th(B chopper circuit, thereby readily regulating the. step- 
up vqlt^gept the step-down voltapeof the charge unit; 
[OO^SJ V y i'n aj^rd^c^. with agcihjg? ^r.^er^e^pli- 
catiph/of ~ the ; /present,. jnyentipn, . the ^uitiplV . pow$.r 
spbr^sy^erq^'r^e switching 
unit jth^.switch^ a circuit including flf^, 

seoonc), direct ^ ciirrer^. pdvyV^urce and the neutral .. 
point of the^.Y-cohnect^d wirings between a substan- 
tial/ closed state .and an opep'.state; arid a conneptipa 
control yhrt that wherj Jhe qharge linrt starts working, 
d(jv^s -the connection switching unit tp set the conhec- 
tioh of theVrcuft ^ncl^ing tiie second direa* current 
power source and frje neif^^^ Yponnected 
w^ndipgs irv the substantially . closed state. 
[0016] . it js,.preferable that one of the plursii direct 
o^rentpowerf^bur<;e$ used fpra control circuit, such as 
a computer, is grounded pr electro magnetically shielded 
for r tjfje t noi^e reduction!: Ip ^>X"e cases, it may be prefer- 
able that the crther^pwer s^rce is kept in a floating 
stati?. pnfy. wh^i ^a supplement of electric energy is 
required, these plural direct current power sources are 
connected , wjth each' other. C^erwise the power 
sources are ; substantially kept in the ..insulating state 
Oncl'udipg trie state of the high^irnpedance). 
[0017] ^ ^ It is.'preferabil.e, Jh^t the first direct currient 
power source is either a Wttery or a high-power capac- 



3 

BNSDOCID- <EP 1034968A1_I_> 



» 



5 EP 1034 968 A1 6 

itor. The battery may be any one of known secondary [0020] The multiple power source system of the . 
batteries that utilize electrochemical reactions to accu- present invention may be incorporated in a variety of 
mulate the electric energy, for example, lead acid batter- apparatuses, and is effectively used, for example, in a . 
ies, nickel hydrogen batteries, nickel cadmium batteries, structure that has a starting motor, which is driven drily ' 
lithium ion batteries, and lithium polymer batteries. The 5 at the time of staring to start an engine, in one of the 
secondary battery enables the storage of electric power power systems, In a typical structure of the apparatus 
for a relatively longer time period than a conventional having an engine that is driven directly with a.fuel, once 
capacitor. An example of the high-power capacitor is an the engine starts, a generator is driven to supply the 
double electric .layer capacitor. The capacitor has the required electric power. In this structure, it is required to 
self discharge property and is generally required charg- 10 , supply the electric power for driving the starting motor 
ing in use. The electric system utilising a power capaci- only at the time of starting the engine. The charge unit 
tor accordingly requires a charging grciiit to phargejhe is driven to, accumulate the electric energy required for 
power capacitor. The structure of trie multiple power the starting operation in the battery or in the high-power 
source system of the present, invention may be utilized capacitor, and the engine is started with the accumu- 
as this charging circuit, in the system that has a sepa- 75 lated electric energy. The charging time is practically 
rate charging circuit for the high-power capacitor, the shortened when the fharge unjt isf driven to accumulate 
structure of the multiple power source system of .the only the electric energy required for f the starting opera- 
present invention may be used in the case of malfunc- tion in the battery or in the high-power capacitor. Exam- 
tion of the separate charging circuit or in the case of an pies of the apparatus haying this structure include a 
insufficiency of the electric 'energy so. hybrid vehicle with both an intern 
[0018] fn the circuit structure that performs charg- and a motor mounted thereon to drive the vehicle, and a 
ing, the three-phase motor may have Arconnected wind- vehicle with a motor for a compressor, which is a power 
ings, in place of the Y-connected windings.. In this case, source of an air conditioner mounted on the vehicle and 
the other terminal of the, second direct currerrt power requires a large electric energy only at a starting time, 
source is connected to one terminal of the A : conneqted 25 [0021] , . The present invention is also directed to a 
windings, in place of the neutral point of the Y-con- motor driving apparatus that utilizes the multiple power 
nected windings. The first direct current power source is source system.. In the multiple power source system, 
chargeable with a higher voltage than the second direct the three-phase motor can be unipolar driven by means 
current power source. The multiple power source sys- of a closed circuit including the second direct current 
tern of this application further includes a charge unit. that 30 { power source, a selected switching element, and the 
controls switch-on and -off operations ., of a specific corresponding winding. The motor driving apparatus- 
switching element that is connected to a specific wind- may include: a first motor drive unit, that causes ths 
ing, to which the other terminal of the second direct cur- power control circuit to drive the three-phase motor by 
rent power source is not d?rectly connected,, in order to means of trietirst direct current power source; and a 
step up a voltage using the specific winding of the three- 35 second motor drive unit that independently switches on 
phase motor, thereby causing the first direct current and off the switching elements that are connected to . 
power source to be charged with an electric power out- power lines of the connection of the first direct current 
put from the second direct current power source. In the power source with the second direct current power 
case of the A-connection, one of the. windings can not , source, and unipolar driving 1 the three-phase motor by 
be used for the voltage step-up, but otherwise the A- 40. means of the second direct current power source. In this 
connection ensures a similar voltage step-up- circuit to, application, the second motor drive unit uses the see- 
that of the Y-connection. ond direct current power source to make the electric 
[0019] In the circuit structure that utilizes the wind- current flow through each winding of the three-phase , 
ings of the three-phase motor, the Y-connection enables motor. This enables the three-phase motor to be unipo- 
any of the windings to be used for the voltage step-up 45 „ lar driven. 

and charging. In the case of the three-phase motor, [0022] In accordance with one preferable embodi- 
there are three charging circuits that respectively utilize merit of the motor driving apparatus, the power control 
the three windings. In the case of the A-connection, the circuit includes a pair of the switching elements thatare 
windings, to which the other terminal of the second provided for each of the windings of the threerphase 
direct current power source is not directly connected, so motor, and are interposed between a positive power line 
may be used for the voltage step-jjp. There are thus still, and a negative power line of the first direct current, 
duplicate charging circuits. The multiple charging cir- power source. A connection point of each pair of the 
cuits enable the voltage step-up and charging process, switching elements is connected to the corresponding 
which requires a certain time period, to be carried put by winding. The second motor drive unit successively 
utilizing the plurality of windings, thereby shortening the 55 switches on and off one of 5 each pair of the switched ele- 
required charging time. This structure also enables the ments to form a closed circuit including the second- 
three-phase magnetic circuits utilizing ;the respective direct current power source and the corresponding 
windings to be used equally.. winding, thereby generating a field in the three-phase 
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motor. 

[0023] In the motor driving apparatus, the three- 
phase motor may have A-connected windings, in place 
of the Y-connected windings. In this case, the other ter- 
minal of the second direct current power source is con- s 
nected to one terminal of the A-connected windings, in 
place of the neutral point of the Y-connected windings. 
The motor driving apparatus includes: a first motor drive " 
unit tnat causes the power confrbl ^ 
three-phase motor by means oftheiirsircfr 10 ' 

power source; and a seroW'motpydriyiBljnH :tt»t ihde-^ 
pendently switches on and off switching elements,.' to!,' 
which the other terminal of the second direct curreht ; 
power source is not directly connected, ' among J theT 
switching elements that'are cpnnectetf to power lines of 1 15 
the connection of the first direct current power source^ 
wfthtfVe second direct' current power source, and irreg-*" 
ufar unipolar driving the three-phase motor by means of ' 
the second direbt current power source. In this struc- 
iure; all the windings of the three-phase motor can hot 20 
be used; but two phase windings can be used to drive 
the itfiree-phase motor. > . r \ 

[0024] The motor driving apparatus of the present' 
invention may be applied to a vehicle with an engineV 
which is directly driven with a fuel! moiinted thereon- as' 26 
one of the : drive sources! In 'such a vehicle, the r thre'e- r 
phase motor is connected J with either one of a drive : 
shaft of the vehicle and a rotating shaft of the engine.^ 
The drive shaft is driven according to a driving state ? of r " 
the vehicle with at least one of a power output frorrfthe 30 : 
engine and a power output from the three-phase motor. : 
[0025] r ' - The multiple power source system bf the ■ 
present 'invention is not restricted to the applications' 
discussed above, * but there 1 may be a variety of other 
applications. There' may be a plurality bf three-phase ? 35- 
motors having windings and a plurality tDf charge united 
In the multiple power source 'system of* the'fareserrF 
invention, multiple charging circuits laid out in a murti- ; 
layer configuration may be constructed by utilizing the*' 
windings of the plural three-phase motors arid the plurai ' 40 h 
charge units." In the case of m-layer, ; n-multiple charging^ 
circuits, the accumulated charge v is carried out with n :j 
output electric currents having the phases shifted by~ 
2n/n at an identical on-time ratio having the electrical ■ 
angle shifted by 2n/m. •> 45' 

[0026] " The multiple power source system may addi- J 
tionaliy include known electric elements.' For example, 
when the direct current power source has asignificantly J 
large inductance, a low-pass filter may be added to pre-'- 
vent the switching properties of the switching elements' so 
from being worsened by the large inductance:-The reac- 
tance, the capacitor, and the resistor used as the parts 
of other electric circuits may be 'used for theelectric'ele- 
merrts included in the low-pass fitter. ' ' ' 

[0027] These and other objects, features, aspects; 1 55 
and advantages of the present invention will become 
more apparent from the following detailed description^ 
the* preferred' embodiments with the * accompanying 



drawings: : 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

' Fig. 1 schematically , illustrates the structure of a 
Hybrid vehicle with a multiple power source system 
mounted 'thereon in a f irst'erribodiment according to 
toe present invention; f " , t "" r *r; 
.F\g"2)s a qrWrt diagram shwjngah^lectrib circuit. 
^ of the. muhipie pb^er source system, shown jn Fig. 

Fig. 3 is a ljw^haVshowing a voltage step-uppro-" 
/gram executed b£ the cpntrol unit in the first embod- 
iment;' " . \ . ^ . v 
' 'Fig. 4 is graphs Istfowing the waveforms of Electric; 

currents irVthe respectae elements in the course'of . 

the execution of the voltage step- up program shown 

in Fig. 3; 

Rg. 5 is a circuit diagram showing a modified circuit 
structure applied to a 'motor having A^cohnected 
three-phas(B coils; '* r ^\ % ' ** 

Rg. 6 is a flowchart showing a control routine exe- 
1 " cuted by the control unit in a r second embodiment 
~ according to the present invention;. 

Rg. 7 is a timing chart showing operations of the 
• respective transistors irrthe probess of unipolar" 
•control; and '* * ? * 5 ' :y ' ' J - ''\ '• • ' ; 
* Rg. 8ls a/circuit diagram showing a modified struc- 
'tureof cohne^rig^a fuel* cell ^tack without using 
contacts of relays. " Xi " : ; ' • v :ni ;> !r ' 

DESCRIPTION OF THE 'PREFERRED EMBODI- 
MENTS ' : ' f i: • ' « - 

[0029]' - Fig. f 1 ^schematically illustrates the structure 
of a Hybrid vehicle with a : multiple power source systerh 
mounted thereon in a first embodiment according to the 
present Invention.' The hybrid vehicle means a vehicle % 
with both an engine and a motor mounted therebh. The 
hybrid vehicle shown in Fig. 1 has' a structured ena- 
bling the' power' of the engine to be directly transmitted 
to drive wheels as described below. The hybrid vehicle 
of this arrangement is referred to as the parallel hybrid 
vehicle: * 1 ' '* 

(1)' Fundamental Structure of the Hybrid Vehicle of the 
Embodiment '* ' • : " - 

[0030] * The hybrid vehicle of Rg. 1 has ah engine 
150 driven with gasoline with a fuel and a power conver- 
sion' output apparatus 1 10, which includes a first motor 
MG1, a 1 second motor MG2, and a planetary gear unit 
126! The engfne 150r the first motor MG1. and the sec- 
ond motor MG2, ! which all enable the power output, are 
mechanically-linked via the plahetary c gear unit 120. The 
planetary gear unit 120 has three rotating shafts 
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respectively connected to gears or constituents of the 
planetary gear unit 120. The planetary gear unit 120 
includes, as its primary constituents, a sun gear 121 
rotating on the center, a planetary pinion gear 123 that 
revolves both round the sun gear 121 and on its axis, 5 
and a ring gear 122 that revolves round the planetary 
pinion gear 123. The planetary pinion gear 123 is sup- 
ported by a planetary carrier 124. 
[0031] An engine 150 included in the power system 
is a conventional gasoline, engine and rotates a crank- 10 
shaft 156. In the hybrid vehicle of ffie embodiment, the - 
crankshaft 156 of the engine 150 is Jinked with a piane- 
tary carrier shaft. 127 via a damper 130. The damper ~ 
130 absorbs the torsional .vibrations occurring on the ' 
crankshaft 156. A rotor 132 of the first motor.MGI is is z 
connected; to a sung gear shaft 125, whereas a rotor 
142 of the' second motor MGE2 is connected to a ring ^ 
gear shaft. 126. The rotations of the ring gear 122 are , 
transmitted to an ax!9 112 v and wheels 1 16R and 1 16L , 
via a chain belt 129 and a differential gear ,11 4. The I so 
engine 1 50 is controlled and driven by the EFIECU 1 70. \ 
The EFIECU 170 is constructed as a one chip micro- 
computer including a CPU, a ROM, and a RAM. The 
CPU carries out control operation's, such as; fuel injec- 
tion of the engine 150, according to programs stored irv s 25 
the ROM. A variety of sensors representing the driving 
conditions of the engine 150 are connected, to the 
EFIECU 170 to enable the cdriirol operations, although^, 
not specifically illustrated in Fig. 1. I " 
[0032] The first and the second motors MG1 and* 30 
MG2 included in; the power system are synchronous, 
motor generators. The first motor MG1 jncludes tKe. 
rotor 132 with a plurality of permanent magnets 
attached to the outer circumferential surface thereof and . 
a stator 133 with three-phase coils wound thereon to 35 
form a revolving magnetic field. Similarly , the second ^ 
motor MG2 includes the rotor 1 42 with a plurality of per- ' 
manent magnets attached to thie outer circurhferehtiaj r 
surface thereof arid a statbf 143 with three-phase^cdjls , 
wound ttiereon to form a revblvihg magnetic field.' Thie 40 ^ 
stators : 133; and 143 are fixed to a casing 11 9 ? The. 
three-phase coils wound on the stators 133 arid 143 of " 
the motors MG1 and MG2 are connected to a battery ^ 
194 respectively via a first driving circuit 191 and a sec-, 
ond driving circuit 192. The first driving circuit ,191 and 45 
the second driving circuit 192 are transistor inverters 
that have a pair of transistors with regard to each phase 
as switching elements; Both first driving circuit 191 
and the second driving circuit 192 are connected tQ a . 
control unit 190. The transistors included in the first and 50 
the second driving circuits 191 and 192 are switched on, ' 
in response to control signals output from jthe control " 
unit 190, so that the electric current flows between the 
battery 194 and the motors MG1 and MG2. Each of the V 
motors MG1 and MG2 may work as a motor that is 55 
driven and rotated with a supply of electric power from 
the battery 194. Hereinafter this driving state is refers 
to as the power pperation. Each of the motors. MGl .and 



MG2 also works as a generator when the corresponding 
rotor 132 or 142 is rotated by ah external force. In this 
case, the motor MG1 or MG2 generates, an electromo- 
tive force between ends of the three-phase coils and 
enables the battery 1 94 to be charged with the electro- 
motive force. Hereinafter this driving state is referred to 
as the regenerative operation. The hybrid vehicle of, this 
embodiment drives in a variety of conditions, based on 
the functions of the planetary gear unit 120. Concrete 
driving conditions are hot specif ically described here. A 
variety of sensors, such as speed sensors 134 and 1 44, 
that represent the driving conditions of ihe power con- 
version output apparatus 110 are connected to the con- 
trol unit 190. ? ; ' " ; ' 

(2) Connection of the Electric system of the Embodi- 
ment ^ ] 

[0033] The fo I II pwi ng describes two electric systems 
mounted on this hybrid vehicle. As described previously, 
the high voltage battery 194, which corresponds to the 
first direct current power source of the present inven- 
tion, is mounted on the hybrid vehicle. The high voltage 
battery 194 is connected to the first and the second, 
motors MG1 and MG2 in such a manner that the electric 
power is mutually transmitted between the battery 194 
and the first and the second motors MG1 and MG2 via 
the^first and the second driving circuits 191 and 192,. 
The hi^h voltage battery 1 94 outputs a voltage of almost' 
3QQ volts.. This power source system is hereinafter 
referred to as the high tension electric . system. The 
hybrid vehicle also has a low tension power source sys- 
tem, that is, a low voltage battery 184, which corre-. 
spbnds to Ihe second direct current power source of the 
present Mention. The low voltage battery 184 is con- 
nected tp the EFIECU.170 arid the control unit 190. The 
low vqltkge battery 184 outputs a direct current voltage 
of ^proximately 12 volts to the EpIECU 170 and the 
c^rtrol. unit 190. This ppwer source system is hereinaf- 
ter >efprred to. as the low tension electric system. The 
high voltage battery 194 and the low voltage battery 184 
are connected with each other via a converter unit 180 
for the voltage step-down. When the electric power of 
the low voltage battery 184 is consumed, for example, 
by the EFIECU 170 and the remaining charge of the low 
voltage battery 184 decreases to a predetermined level, 
the low voltage battery 184 is charged with a supply of 
electric power output from the high voltage battery 194 
via the converter unit 180. The low voltage battery 184 
is accordingly kept in the full charge state.. Although not 
specifically illustrated here, the converter unit 180 
includes an inverter that converts the direct current into 
the alternating current, an insulating transformer, that 
steps down the converted alternating voltage, and a 
converter that is connected to the secondary winding of 
the insulating transformer and converts the alternating 
current to the^ direct current. Namely the high tension 
electric system is electrically isolated from the low ten-. 
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sioh electric system, although the low voltage battery 
1 84 and the high voltage battery 1 94 are connected with 
each other via the converter unit 180. The high tension 
electric system is thus kept in a completely floating 
state, unless contacts of relays 21 and 22 (described s 
belpw) are set in ON position. This means that the high 
tension electric system is generally insulated from the . 
vehicle body that is in contact with the human body" Th£^ 
low tension electric system is grouhd^Tt^ 
bod£ ih order to reduce the noise. * - v *-* - ,k - Q 

[0034] The low voftage battery 1 84. is connected to, 
the first driving circuit 191 and the first, motor MQl vja 
the relays 21 and 22. This arrangement enable& : the 
high voltage battery 194 to be charged with the electric 
power accumulated in the low voltage battery 184,as is 
described below. The high voltage' battery 194 is/ 
charged with the electric power output from the low volt- 
age battery 184, because of the following reasons... 
When the engine 150 starts from a stationary state, in 
which the hybrid vehicle stops arid the engine 1 50; is at 4 \ 20~ 
a stop, the control unit 190 locks the second motor MG2 
and rotates the first motor MQ1 with the electric/power 
supplied from the high voltage battery 194. This rotates" , 
the planetary carrier shaft 1 27 of the planetary gear unit ' 
120 and cranks the crankshaft 156. In the event that the ' 2S~ 
high voltage battery 194 is dead, the engirfe 150 can not '/ 
be. cranked tcf start". This "prcbjem arises when the high^^ 
voltage battery 194 i s fully discharged by som^ reaj; ; 
sons, for exarrple, when the vehicle* with the high vdt- \ 
age battery 194 deteriorating with an elapse of tiVne has ~ 30 ' 
not been driven for a long time period or when the driver^, 
stops the yehicle and turns ihe ignition key off irnme&K ' 
atejy after a drive on along upward slope.. Iri'jhis case!^ ' 
the remaining change of the high voltage battery 194/ 
becomes substantially equal tQ^rp; Jlnlthe'cSse wh^b^ 35' 
the low voltage tete^ 
power, the. high voltage l^ery 19'4 is^ 
step-up voltage ' of the femaini fig^ electric . ^w^r.'^js '* ' 
enables the above starting contrdi whh theiiigh voltaige^ # 
battery 194. Once the engine '150 starts, the f irst mbtqr/ 40 
MG1 is used as the generator to generate; the required 
electric power. The electric power output from the low 
vbitage battery 184 to the high voltage battery 194 is 
thus required to have only a sufficient level for starting 
the engine 150. 45 
[0035] Fig. 2 shows the connection of the high volt- 
age battery 194, the first driving circuit 191, the first 
motor MG1, the relays 21 and 22, fie low voltage bat- 
tery 184, and the control unit 190. The high vbitage bat- 
tery 194 is also connected with the second driving so 
circuit 192 for the second motor MG2 as shown in Fig. 
1 , but the connection with' the second driving circuit 192 
is omitted from the illustration of Fig. 2. 
[0036] Six transistors Tr1 through Tr6 included in 
the first driving circuit i 91 constitute a transistor inverter 55 
and are arranged in pairs to function as a source and a 
sink with regard to. a pair of poWer lines P1 and P2. The 
thfee-phase coils U, V, and W of the If irst motor MG are - 



respectively connected to nodes of the respective 
paired transistors Tr1 through Tr6. Diodes Di through 
D6 for protection against a counter electromotive .force 
are located between a collector and an emitter of the 
respective transistors Tr1 through Tr6. the power lines 
P1 and P2 are connected respectively to a plus terminal 
and a minus terminal of the high voltage battery 194. 
The control unit 190 outputs control signal Su, Sv, and 
Sw and inverted striate tfifefeof to drive, the transistors 
Tri thr6ugH : ^6ind^ 

The control unit' 1 [ 9a"£ucc^iV&y regulate^ the orvtime 
of the pair^ltrana^oii Tri thrbii^h,Tr6 With the control 
signals Su! Sv, and Siwin the Course of the ^c^eFation of 
the first motor 1 MG1 ;(the f^er/o^ei'a^not fhVr^en- 
erative operation) f the ejectrid currerits flowing tfiroXigh 
the three^hasecbils MG1 
are regulated to ^ua^sirre wayesflSy th¥ |^own PWM 
control to have the waveforms mutually shifted by 120 
degrees: When theMifet motor hAGi cah\BS J oui the 
power operajSdn, 'the'elecfrid cur^nts flowng. through' 
the three-phase coils U; V, and W'generate a revolving 1 
magnetic -field. The rotoj;132 witfi the perrhaneht mag- 
nets attached to 1 the outer circumferential surface; 
thereof is thiis rotated through the interaction with the 
revolving magnetic fields * ,L 
[0037] \ Tfie mihus power line P2 pf the high voltage 
battery 1 94 is connected to a minys ppwer ljne.Q2 of the 
low'vbltag'e battery 184 via the cont^cf of the relay 22. A 
plus power line Ql^of the low yoltag^fc&ttery 184 iscpn- 
nectied . tqja ^ rje^rarjppirrt 6f the Y^onn^cted, threes 
prtase^coils U; V^and W in the fFrst,m6tpr M@Y via the 
contact of the relay 21. 

(3) yortagje^step-up Control . 

[0038]";* jThe, irrangemelnt of the er^c^im^nt dis-* 
cu&^atove'ehkbies th'e hjgfi ybrtaige battery 194' to 
befchar^ output from the 1 low 

vqltkg^Mttery 184. Fig. 3 is a fldwchart shpwing.a vblt- 
adje'st^S-up prbgram that'. is executed in the process of 
charging the -High 'voltage battery 194 with 5 the electric 
power of the low voltage battery 1 84. At a starting time, 
the EfYeCU 17b and. the control unit 190 cause the 
electrid poWer to be supplied from the high voltage bat- 
tery i 94 to the first motor MG1 via the first driving circuit 
191 ^ so as to tjart the engine 150. by means of the first 
motor MG1 . VVhen this standard operation fails and th 
failure is asqribed to the excessive discharge of the high 
voltege battery 1 94 % the voltage step-up.program shown 
in the flowchart of Fig. 3 is initiated. The voltage step-up 
program first excites the relays 21 and 22 to close their 
contacts and thereby connect the high tension electric 
system with the low tension electric system at step 
S200: c : " 

[0039] The program then outputs a control sig- 
nal/ tb turn on and off the transistor Tr2 in the first 
driving circuit al 91 at a ^predetermined on-time ratio 
Y (= on time Ton / (on time to n + off time Toff)) in a 



BNSDOCID: <EP 1034968A1_I_> 



13 



EP 1 034 968 A1 



14 



period of 0.5[sec]. When the transistorJTr2 is turned on, 
a closed circuit starting from the low voltage battery 1 84 
and going through the neutral point of the first motor 
MG1, the U-phase cpil of the motor MG1, and the tran- 
sistor Tr2 to the low voltage battery 184 is formed inter- 5 
mittently at step S210. This gradually increases the 
electric current flowing from the iow voltage battery 184 
through the U-phase coil of the first motor MG1. The 
increasing electric current is accumulated as magnetic 
energy in the U-phase' coil of the first motor MG1 . The ' w 
graphs of Fig . 4 show variations in electric current of the * 
respective elements over a substantially one cycle. 
When the transistor Tr2 turned on, the electric current 
flowing through the transistor Tr2 gradually increases as 
shown in the graph of Fig. 4. The transistor Tr2 is brf iri 15 
a predetermined on-time, which is equal to 0. 42[sec] in t 
this embodiment. The transistor Tr2 is turned off after , 
the elapse of the predetermined on-time, th& electric } 
current then instantaneously flows into the high voltage 
battery 194 via the diode D1 by means of anjnduced 20 
electromotive force with tfie magnetic energy accumu- 
lated in the U-phase coil of the first motor MG1 , so as to 
charge r the high voltage battery 194. in the multiple 
power source system of this embodiment,' the U-phase 
coil, which is one of the armature coils of the lirst motor 25 
MG1, functions as a reactance of the voltage step-up 
circuit whereas the diode D1 of the first driving circuit 
1 91 that is constructed as an inverter functions as a pro- 
tection diode of the voltage step-up circuit. ' 
[0040] . The repeated on-off operations of the trap-. 30 . 
sistprTr2 in the firet driving circuit 191 in response to the 
control signal output from the control unit 190 repeat the 
series of processes discussed above. Thehigh voltage f 
battery 194 is thus gradually charged using the low volt- * 
age battery 184 as the power source. The control pf the 35 
transistor Tr2 at the predetermined op-time ratio y con- . 
tinues until a preset time period TT has elapsed. When 
it is determined at step S220 that the preset time period 
TT has elapsed, the supply of electricity to the transistor ' 
Tr2 is. terminated. The preset time period TT corre-. . 40, s 
sponds to the quantity pf charge into the high voltage 
battery 194 equal to 1d[KJ] as the work in this embbdK 
ment. Regulation of the preset time period TT accord- : 
ingly determines the quantity, of charge into the high 
voltage battery 194. The program subsequently cuts off 45 
the excitation to the relays 21 and 22 to open their con- 
tacts at step S230. This restores the insulation of the 
high tension electric system from the low tension elec- 
tric system. The control procedure then exits from this . 
voltage step-up program and returns to the standard so 
control mode. Since the high voltage battery 194 now 
has the required electric power, the control unit 190 car-, 
ries out the control operation to start the engine 150 
with the first and the second motors MG1 and MG2. 

(4) Effects of the Embodiment 



[0041] As described above, . in the 'hybrid vehicle of 



the embodiment, the electric energy is distributed from 
the low voltage battery 184 of the low tension electric 
system to the high voltage battery 1 94 without using any 
special converter for the voltage step-up. Even if the 
high voltage battery 194 is excessively discharged to 
disable the starting operation, the engine 1S0 can be 
started using the low voltage battery 184 as the power 
source. The voltage step-up circuit required for this 
operation is constructed by utilizingf the U-phase coil of 
the first motor MG 1 and the transistor tr2 and the diode 
D 1 of the first driving circuit 191 provided as the inverter. 
This arrangement attains a small-size, simple, and inex- 
pensive electric circuit. All the constituents of the volt- 
age step-up circuit except the relays 21 and 22 are the ' 
electric parts' originaliy mounted on the hybrid vehicle: 
This arrangement thus desirably prevents the increase 
in manufacturing cost due to additional parte as well as 
this worsened 'reliability.- 

[0042] In the arrangement of this embodiment, the 
high tension electric system and the low tension electric 
system are generally in the insulated state (high imped- 
ance connection) and are directly connected with each 
other via the relays .21 Sand 22 only at the time of distrib- 
uting the electric. power. This restricts the on-time, when 
the. high tension electric system is electrically con- 
nected with the low tension electric system, Jo a short 
time and ensures the subsequent restoration to the 
insulated state. 

(5) _P6s?ible. Modifications 

[0043] In the description of the first embodiment, 
the U-phase coil of the first motor MG1 is used as the 
reactance, in which the electric power for the voltage 
step-up is accumulated in the form of magnetic energy. . 
Similarly the V-phase coil and the W-phase coil may be. 
used as the reactance. . In the case of the V-phase coil, 
the transistor Tr4 is turned on and off, and the high vblt : 
age battery 194 is charged via the diode D3. In the case 
of the W-phase coil f the transistor Tr6 is turned. on and 
off, and the high voltage battery 194 is charged via the 
diode D5. The electric current flowing through each 
phase does not have any contribution to the revolving 
magnetic field in the first motor MG1. The supply of 
electricity to each phase coil accordingly does not 
cause rotation of the first motor MG1 : Similarly any of 
the three-phase, coils of .the second motor MG2 may 
also be used as the reactance. 
[0044] In the embodiment discussed above, the 
motor MG1 has the Y-connected three-phase coils. The 
principle of the present invention is, however, also appli- 
cable to the . motor MG1 having A-connected three- 
phase coils. In this case, one of the power lines, of the 
low voltage battery 1 84 should be connected to one end 
terminal of a certain phase coil as shown in Fig. 5. In the 
example of Fig. 5, the U-phase coil can thus not be used 
for the .voltage step-up program. But, the other phase 
coils, that is. the V-phase coil and the W-phase coil, may 
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be used as the reactance in the process of the voltage 
step-up program discussed in the above embodiment. 
[0045] . In the embodiment discussed above, the 
converter unit 180 is exclusively used to charge the low 
voltage battery 184 with the high voltage battery 194. s 
The circuit structure described above may alternatively 
be used to charge the low voltage battery 184 with .the 
electric power of the high voltage battery 194. As^n, 
example, the following describes th§ technique of using ^ . 
the. circuit stryc^re shpwnjn Fig., 2L,Jri this case, i itys.-* w l 
considered ftat^he^fransistor Jr 1 'at the positive poie,pfp 
the U-prijase ihjhe. first driyirig circuit 191 , the U^.hase 
coiiof the first motor MG1 , and I the low voltageTbattery .* 
184 are cppneded in series and constitute a^cho^er,^ 
circjurt.' .?I1ie^6nrpfi xjuty Ptthe transistor Trt.js regulated » is 
while are closed. p 

The regulation of the oh-bff dut^ ( .coHrbls.|ie qha$je^ 
current into the low voltage battery ' 184, that is,^he v 
charginig i voltage. IrftHis circuit sfructure, when the tran'- J '[ 
sistor Tri is bhrthe voltage output from the high ventage 20 
battery 194 is applied to the low voltage battery 1 84 via 
the ii-phase coil ; so as to charge the low voltage battery 
184. \A/hen ithe transistor JrT is subs^uently turned off 
at a preset timing t6 make the charge current within a ^ 
predeter mined 'range, the el^cfric durrent flows .through : 25 
a circulation path' startrt^W^'the, U-phase qoil arid ' 
going through the low vbltaga battery 184 ahd the diode 
D2 at the negative pole of the U-phase in the first drivihg ' 
circuit 191 (functioning as the flywheel diode) to the JLk 
phase coil. The repeated on-off operations' iof th£'tran^ v 30 
sistor Tr1 step down ^e voltage output fi;om the higjj,.. 
voltage battery ; 194 ^nd cause the'ibw voltage battery '- 
1 84 to be charged with the step-down ^vblta^/ "The^ dorP ^ 
trbl unit 1 SO controls on and off the Wnsistprs Tr * and ' 
enabfes the low voltage battery 184 to; be readily 35 
charged With the electric power biitpfot from jUi'e^hi^h ' 
voltage battery 1 94. In this ca£e ( the charging voltage is *' 
stepped down. The on-time and the J ort : tjme df the tran-^ 
sistor Tri are thus'determined according 'to .thS *l^t*l*7 
voltage* of theMowiension efectrid system. COrhpar^d ^ to* 
with the case" of charging with the %tep-upVol6g6, th£? 
oh-lirhe and thejbff-time of the transistor in the casS of 
charging with IJie step^own voltage are set significantly 
shorter. There are a variety of other circuit structures 
applicable to charge the low voltage battery 1 84 with the r 45* 
electric powar output from tha high voltage bktteVy 
[0046] Irithe embodiment discussed above, the on- 
off control of the transistor Tr^is carried Put in th'e preset 
time period TT aebbrding tojhe flowchart of ¥\g. 3: The 
charging ^he'rgy'(ft*ie quantity of thargfe) 1 output from ttre so 
low voltage; battefy 184 into the high! voltage battery 194^ ' 
is controlled by ; regulating' the preset time period TT/ 
When a lalrtje energy is required to start the engine, for 
example, injhe fold weather, it is preferable that the 
preset time period TT {^ extended to allow the adequate; ss 
control according tb:the required charging energy.. In; * 
another 'prtferab^^ a charge 1 'sensor' '' is*'* 

attached tri th& high 'vbltege battery 1 94' to measti?e ttie 



actual quantity of charge in the high voltage battery 1 94. 
The charge control is carried out according to the 
observed quantity of charge. The charge/sensor used 
here may be a sensor that directly measures the spe- 
cific grayrty of the battery. The quantity of charge may 
be calculated from the observed electric current flowing 
into the high voltage battery 194 and the observed ter- 
minal, voltage, instgag of being, directly measured with 
the charge sensor.^A current sensor and a voltage sen- 
sor are ' generally provided tq p .make the driving f drcuii; 
191 funckipn ,, &^ be used to deter-,, 

mine ttie ^argjng s^ie'qipe high, voltage battery 194. 

(6) Second Embodiment */ '." ' 

[0047] , } The r . following ^describes , a motor . driving 
apparatus jj)vjth a muftiplejJWfir.jsoMrce systemjneorpq- 
rated therein as~a second, emb^im to the 

present, invei^bn, jfhe motor driving apparatus of th 
second embodiment is .mounted on the hybrid, vehicle 
shown in Fig. 1.. the structure .of f f tho second r embodj-, 
ment is similar to that of the firet. embodiment, except, 
the following two points: : r . . ,* . . 

»: c .... "C kr '.v *"- • * • * 

(1) .a fuel. cell stack 384. (see Fig. 8) is provided, in 

place Of ttie low voltage ^battery. 184; and .' 

(2) tn^con|rol ; unit /1 90 carries out a different control, 
procedure. . .-^p s , V ' - 3 ■". 

The'kructufe' of tha elecfric, circuit; in the second 
erttbodimerrt' is not specifically illustrated here. In the. 
sabond 'embp^irriertt, the bu^ut voltage of the fuel cell 
stad?384 ia^at to be lower than the output voltage of 
the . high" v voltage^ battery 1 9^/ The electric current ' 
accordingly does ^ not flow "from "the fuel cell stack 384 
into the high voltage battery 194 through the flywheel 
diodes pi WoUgh D6 : . * . \\ ; 

[0048] ^ ^ Fig. 6' is 4 flowclhart showing a control rou- 
tine execyted by the control unit 190 in the second 
embodiment. The control routine is carried out while the 
hybrid vehicle drives in a steady state. The program first' 
calculates a required output to the vehicle, for example, 
from the observed step-on amount of an accelerator 
pedal (hot shown) ahd the observed vehicle speed at 
step S300. When it is determined at step S3 10 that the ' 
calculated required output is not greater than a preset 
level, the program closes the contacts of the relays "21 
and 22 at step S31 5 and carries out a unipolar control to 
successively turn oh the transistors Tr2, Tr4, and Tr6 at 
stisp S320. The timing chart of Rg. 7 ahows the on^off 
state of the respective transistors Tri through Tr6 to 
control the electric currents f towing through the wind- 
ings of the respective phases U, V, and W in the first 
motor MG1 in the process of the unipolar control. In this 
case, the transistors Tri, Tr3, and Tr5 are kept in OFF 
position, so that the electric current does not flow from 
the high voltage battery 194 into the respective phase 
coils. The first^motor MG1 is accordingly driven only 
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with the electric power output from the fuel cell stack 
384. The on-time of each transistor is determined by the 
PWM control, so as to enable the torque corresponding 
to the required output to be output from the motor MQ1 . 
[0049] When it is determined at step S3 10 that the 
calculated required output to the vehicle exceeds the 
preset level, on the other hand, the program opens the 
contacts of the relays 21 and 22 at step S330 and car- 
ries out a bipolar control u$ing all , the transistors Tr1 
through Tr6 to drive the motor MG1 at step S340. The 
axle 112 is, accordingly rotated with the high electric 
power butpuf from the high vbltag e battery 1 94. 
[0050] Thie arrangement of the second embodiment 
enables the fuel cell stack 384 and the high voltage bat- 
t ry 194 to be. readily connected to the motor. MGLThe 
driving power source of the motor MQ1 is thus appropri- 
ately switched between the fuel cell stack 384. and the 
high voltage battery 194. The structure ~of ihe second 
embodiment uses the relays 21 and 22. .As $hown in 
Fig. 8, however, the fuel cell stack 384 may be con- 
nected directly with the neutral point of the windings of 
the motor MG1 without using, the relays 21 and 22. In 
this case, the output voltage of the fuel ceil stack 384 is 
set to be approximately half the voltage of the high volt- 
age battery 194. The voltage at the neutral point of the 
motor MG1 connected with the fuel cell stack 384 
becomes substantially equal to the voltage of the fuel 
cell stack 384. The fuel cell stack 384 accordingly does 
not interfere with the high voltage battery 194 while the 
motor MG1 is driven by the high voltage battery 194. In 
the case, where the output of trie.fuel cell stack 384 is 
higher than the output voltage, of the high voltage bat- 
tery 194, the high voltage battery 194 is exchanged with 
the fuel cell stack 384. 

[0051 ] In the second embodiment discussed above, 
the fuel q^ll stack 384 is used as the second direct cur- 
rent power source of the present invention.. A high volt- 
age battery or a high-power capacitor may alternatively 
be used as the second direct current power source. In 
this case, the second direct current power source may 
be used to drive the motor MG1 and start the. engine 
150. The second direct, current power source may also 
be used to drive the motor MG1 in the emergency limp 
state. * . , 

[0052] The first and the second embodiments 
regard the parallel hybrid vehicle of the mechanical dis- 
tribution type using the planetary gear unit 120. The 
multiple power source system of the present invention is 
als applicable to a hybrid vehicle of the electrical distri- 
bution type that distributes the power by means of a 
two-rotor dutch motor, as welt as to a series hybrid vehi- 
cle. The multiple power source system is further appli- 
cable to an electric vehicle that does not have any heat 
engine like a gasoline engine. The series hybrid vehicle 
converts the power output from the engine to electric 
energy and causes the.drivewheels to be driven only 
with the power output from the motor. 
[0053] As described above, in the multiple power 



source system of the present invention, the plurality of 
direct current power sources having different potentials 
are connected to the three-phase motor by a simple 
arrangement of connection. This favorably prevents the 

5 whole system from being made bulky. This simple 
arrangement of connection is applicable to the charge 
circuit from the second direct current power source to 
the first direct current power source. This application 
advantageously, enables the electric energy to be sup- 

10 . plied from an electric system of a certain potential to 
another electric system of a different potential without 
using any separate voltage step-up circuit and voltage 
step-down circuit in a variety of industrial apparatuses. 
This simple arrangement of connection is also applica- 

15 ble to the drive circuit that unipolar drives the three- 
phase motor by means of the second direct current 
power'sburce. This application enables the, motor to be 
readily driven with the second direct current power 
source in a variety of industrial apparatuses. The 

20 arrangement of connection may also be applied to a 
starter unit of a vehicle using a high-power capacitor to 
construct a circuit for carrying out the inrtiaf charge of 
the high-power capacitor. A voltage step-up circuit may 
be formed by utilizing, an inverter-motor circuit of a 

25 power-driven air conditioner, in order to carry out the ini- 
tial charge of the high-power capacitor. The motor for 
driving the vehicle is not restricted to the first motor 
MG1, but the second motor MG2 may be used as the 
reactance. Another application uses hot only the 

30 inverter circuit of the motor for driving the. vehicle but the 
inverter circuit for the power-driven : air conditioner In 
this case, the coils of the motor that drives the compres- 
sor of the power-driven air conditioner may be used as 
the reactance. The multiple power source system of the 

35 present invention is not restricted to the vehicle, but may 
be applicable to general industrial apparatuses, such as 
machine tools and electric appliances. 
[0054] .The present invention is not restricted to the 
above embodiments or their modifications, but there 

40 , may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
main characteristics of the present invention. For exam- 
ple, the multiple power source system cf the present 
invention is applicable to the structure utilizing the wind- 

45. ingof a direct current motor, as well as to the alternating 
current motor, such as a synchronous machine or an 
induction machine, and the Y-connection and the A-con- 
nection of the winding. In the case where a plurality of 
windings and semiconductor power converter elements 

so : are present in an industrial apparatus of interest, multi- 
ple voltage step-up and step-down circuits may be laid 
out in a multi-layer configuration, so as to shorten the 
charge and discharge time. 

[0055] . The scope and spirit of the present invention 
55 are limited only by the terms of the appended claims. 
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Claims 



A multiple power source system that supplies an 
electric power to a three-phase motor, said three- 
phase motor having Yconnected windings, . . s 

said multiple power source system comprising: , 
* I a f irst direct current power source; . \/. 
a power control circuit that is djspos^ between ^ 
said first direct current power source and th'eV. 10' 
connected windings of said thr|e-ph^se fpoior 
and has switching elemehtsi wjii^^arel, 
switched on and off to supply an'electric power," 
'output from said first direct current power 
' source to said three-phase motor; , and 4 75 

a second dir^ 

feTent from said first direct, current "power *' 
source, 



wherein pne terminal of said second .direct 1 cur- 
rent pcw£r source is connected with ajterrrtina! 
of said first direct current power sburce Haying 
ah identical polarity, and ' ^ . ^.' Z '*- 
the other terminal "of sajd second direct* current 
power source is feopnected with 1 a neutralppint^ 
of the Y-connecteid windings in v said three- 
phase motor. '"■* Kv ' nu ~' " * c . * 



20 



25 



A multiple power soiirce system in abrordance with' . 
claim' 1 , wherein safd f jrst direct current pxjwei\\ 
spijrce* is chargeable with ; a higher^ Voltage ' thrirf * 30 
said second diretfcurrent power source, >l ' ' *' 

* said multiple pdwer Source system further com^ "\ 
prising: 1 * ' X " ■ - 

a charge unit that^controls switch-on and v -pff ^'35 
operations of a . specific switching . elemtBrft, ^ 
which is connected to a specific winding 
* selected among the Y-connected windings of;' : 

■ ' said three-phase motor, so as to step up' a volt- ^ 

age using the specific winding/therebycatising ' : 40 
* * said- first* direct ' : current power * source : to b'e* ,n 
charged with an electric power output from said r ' 
second direct current power source. - ! ' 

A multiple power source system in accordance with 1 45 
claim 2; wherein said power control circuit cbm- J ' 
prises a pair of the switching elements that are pro- ' 
vided for eachfof the windings of said three-phase 
motor and are interposed between a positive power 
line and a negative-power line'bf said first direct cur- ; r so 
rent power source, *" ■* v . c . 

each of the switching elements' being con-' 
riected with a protection diode in a reverse ; 
direction, - -ss 

a connection point of each pair of the switching 
elements being connected to the correspond- 
ing winding, 



6. 



said charge unit switching on a switching ele- 
ment that is selected among the pairs of the 
switching elements and is included in a closed 
circuit including said second direct current 
power soiirce and the corresponding winding, 
and subsequently turning off the selected 
switching element, so as to cause said first 
direct-current power source to be charged via 
said prbte r ction diode: 

• ••. •£ , 3^i*v 7,.r. r^viv' v. ' * • _ • ■ * 

A multij^e i^et^urce/systemm accordance with 
claim 2, ^jd*^ system further 

conprislKg: : * c- "I V 

a chargfelsereor that measures a charge tevel 
( of said first diffect current power source by said 
} charge unit; and tM ' ( J' t 1 
• 4 a charge;cohfrb^circuit that controls a working 
contfrtjoh:qf said /chaVge unit/ based on the 
Observed charge level by said : charge sensor. 

A multiple power source system' in accordance with 
claim 4, wherefrr said chWrde cdntVol circuit cbm- 
prises. 

a detection unit that detects a charging state of 

- said firit direct current power sourde, based on; 
the observed charge level by said charge sen- " J 

f 'sdrf'and t }: ' [ \ ;\f;; \ \ l ■"' v 

' f a s working cbnditfoh ^et^rrTrihatioh unit* that 
' determines ^e^ wortoh^ of said 

* ' charge uhrt, v based; orr ! a result of the detection 

- by said detection unit. f 

A ; muttiple power source system in accordance with 
' daim T, said multiple power source sy^terrr further 
'comprising': *' L ' f * r ' * - : " 

1 a connection switching unit that switches a con- 
x hection of a circuit including said second direct 
'^" current power source and the neutral point of 
r " v the Y-co'nnect'ed windings between a substan- 
tially closed state and an open state; and' 
a connection control unit that, when said 
-~ rr charge unit starts working, drives said connec- 
; ^ ' tion switching unit to set the connection of the* 
circuit ' including 4 said "-second direct current 
power source and the' neutral point of the Y- 
" connected windings in the substantially closed 
- ^stete: ;r 5 ' ' ; ' 



A murtiple'power source system In accordance with 
Sainr 1, wherein said 'first direct current power 
sofirce is a battery/ ' ? * - 

-A multipie power source system in accordance with 
claim 1, wherein J} saicf first direct current power 
source is a high-power capacitor. Kl 
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9. A multiple power source system that supplies an 
electric power to a three-phase motor, said three- 
phase motor having A-connected windings, 

said multiple power source system comprising: s 
a first direct current power source that is 
chargeable; 

a power control circuit that is disposed between 
said first direct current power source and the A- 
connected windings of said three-phase motor 10 
r . and has switching elements, which are 
switched on and off to supply ah electric power 

* output from said first direct current power 
source to said three-phase motor; 
a second direct current power source output- is 
ting the voltage that is lower than that of said 
first direct current power source, wherein one 
terminal 'of said secdrici 'direct current power 
source is connected with a terminal of said first 

r direct current power source having an identical 20 
polarity, and the other terminal of said second 
direct current power source is connected to 
one terminal of the A-connected windings in 
said three-phase motor; and 
a charge unit that controls switch-on and -off 25 
operations of a specific switching element that 
is connected to a specific winding, to which one 
terminal of said second direct' current power 
source is not directly connected, in order to 
' step up a voltage using the specific winding of 30 
said three-phase motor, thiereby causing said 
first direct current power source to be charged 
with an electric power output from said second 
direct current power source. ; 

- ■ • '~ ' \ '/ ' '"'/] 35^ 

10. An apparatus comprising an engine that is directly 
driven by means of a fuel and outputs a power to an 
output shaft, a three-phase motor that is connected 
with said output shaft of said engine and has Y-con- 
nected windings, and a multiple power source sys- to 
tern that supplies an electric power to said three- 
phase motor, 

said multiple power source system comprising: 
a first direct current power source that outputs 45 
an electric power for driving said three-phase 
motor; 

a power control circuit that is disposed between 
said first direct current power source and the Y- 
connected windings of said three-phase motor so 
; and has switching elements, which are 
switched on and off to supply the electric power 
output from said first direct current power 
source to said three-phase; motor; and 
a second direct current power source that is dif- ss 
ferent from said first |dir<B^ /current,, power 
[ k source and is used to control said apparatus, 
wherein one terminal of said second direct cur- 



rent power source is connected with a terminal 
of said first direct current power source having 
an identical polarity, and 
the other terminal of said second direct current 
power source is connected with a neutral point 
of the Y-connected windings in said three- 
phase motor, 

said apparatus further comprising: 
" ' a start control unit that drives said three-phase 

\ motor to start said engine; and' 
a start-time charge unit that, When a remaining 
charge of said first direct current power source 
is insufficient for driving said three-phase motor 
\." to start said engine, controls switching-on and - 
off operations of a specific switching element, 
which is connected to a specific winding 
selected among the Y-connected windings of 
said three-phase motor, at a time of starting 
said three-phase motor, in order to step up a 

, .yojtage using the specific winding, thereby 
causing said first direct current power source to 
be charged with an electric power output from 
said second direct current power source. 

11. An apparatus in accordance with claim to, wherein 
said engine is an internal combustion engine, and 
said apparatus is a hybrid vehicle that drives with at 
least either one of a power output from said internal 
combustion engine and a power output from said 
three-phase motor; ; . . 

12. A vehicle comprising a tHree^phase "motor that 
drives a compressor of an air cbrKlitioher and has 

. Y-cpnnerted windings, and a multiple power source 
system that functions as a/pbwer source of said 
*' three-phase motor, 

said multiple power source system comprising: 
' a first direct current power source that is a high- 
power capacitor to drive said three-phase 
motor; 

a power control circuit that is disposed between 
said first direct current power source and the Y- 
connected windings of said three-phase motor 
and has switching elements, which are 
switched on and off to supply an electric power 
output from said first direct current power 
source to said three-ph4se motor ; and 
a, second direct current power source that is 
used to control said vehicle, ^ . . 
wherein one terminal of said^second direct cur- 
rerrt power source is connected with a terminal 
\ of safdj irst direct current power source having 

an identical polarity, and . 
" the other terminal of said second direct current 
power source is connected with a neutral point 
, , 1 of the. Y-connected windings in said three- 
phase motor, 
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said vehicle further comprising: 
a start control unit that starts said three-phase 
motor with an electric charge accumulated in 
said first direct current power source; and 
a start-time charge unit that, when the electric 
charge accumulated in said first direct current 
power source is insufficient for starting said 
. , . tiiree-0hase r mptor, controls swftchingfqn and - 
off operations pf ay$pec#jc ^itqhing^eiement, 
which .i^ 'apnn winding 
Selected among trie : >-connecte<j| windings of 
' said ttr^ 

said three : pHase motqr, in order to step up a 
' voltage using t the'' specific .winding^ "thereby 
'causing said first direct current power source to 
be charged with an electric power output from 
_ said second direct current power source. 

13- A motor driving apparatus that drives a three -phase 

rriotor with an electric power output from a multiple 20 
power source system," * * , ' ", 

said three-phase motor having" Y-cbnnected 
windings, t ^ . f . tt , . 

said.rhultipliB'ppwier source system comprising: 25 
a first direct cuirerrt pcwyer source: . " ^ 
a power control circuit that is disposed between 
said first dired currert pow 
connected windings of "said ttiree-phase^mptor 
and has switching elements, whidi are 30° 
switched on and off to supply an electric, poyver > , 
output f rorrT said .first direct cuf rerri power 
source to' said three-phase. motor; andV 
[ ' a second direct current piower source that isjdif- 

fereht from said first direct current power 35 
source, 

wherein one terminal of said second direct cur- 
1 / . rent power squrcejs connected with a terminal 
of said first direct current power source/having 
an identical polarity, and* ' J ^ 40 v " 

the other terminal of said second direct current 
power source is connected with a neutral point 
of the Y^bnnected^windings ih said three- 
phase motor, '" 

said motor driving' apparatus further compris- 45 
ing: _ 4 ... , .... 

a first motor driv6 unit' that causes.' said power 
control circuit to drive said three-phase motor 
by means of said' first direct current power 
source; and" * " **" . so 
a second motor' drive unit that independently 
switches on and off the switching elements that 
' are connected to power lines of the connection 
of said first direct currerit power 'source with 
said seccmd direct current power' source, and 55 
; . unipolar driving "said tiiree : phase ' mbtor by 
" means of said second direct current power 
source. 



14. A . motor driving apparatus in accordance with claim 
13, wherein said power control circuit pomprises a 
pair of the switching elements that are provided for 
each of the windings of said three-phase motor and 
5 are interposed between a positive power line and a 
negative power line of said first direct current power 
source, .. 

•r. ft; y -C f-:*.j:»c ■ * 
a connescton.pomt of each pair of the switching 

10 ,elOTente^ng r O)np^pd -to the correspond- 

'^said.^^ drive unit successively 

" switching, on jand off .one ,pl each pair of the 
_ switched elernents , to form^a. .closed, circuit 
15 / inciudinjg said c second direqt v querent power 
I.'.,., ^ource and the corresponding wincling, thereby 
^ . - r 9Snf r 3? n 9 a ,^ e '? ^ri-^aid three-phase motor. 

. 1 5. A motor driving apparatus that drives a three-phase 
motor wriri an eiectric power output from, a muriipie 
power source system. a 

said thre^phase, rnotqr . having A-connected 
windings,. ./^^/j ,/ ' *]-. ' t .\ ' 
said multiple power source system comprising: 
a f irst direct.current power source; v 
. a power control circuit that is disposed between 
/ m . said;first dicept current ppwer.sburce arid the A- 
7 ,.%,ronriect^w^ motor 
j_ ' and^Jias. *^ elementsr which are 

, IswitcHed^pn and dffto supply an electric power 
" output^, from '.said ;;f1 t rst 'dtrecrt/purrent. power 
source to said three-phase motor; arid 
a second direct current power source that is dif- 
ferent from, said . first, .direct current power 

. wherein one terminal of said second direct cur- 
w * ' rent power source is connerted with a terminal 
of said first (direct current power source having 
an identical polarity, and V . .7 ■ 
" the other terminal of said second direct current 
power source is connected with one terminal of 
the A-connected windings, 
said motor driving apparatus further compns- 

,.r ,n 9 ; . v,-.. .. , i 

a first motor drive unit that causes said power 
confrol circuit to drive said three-phase motor 
by means of . said first direct current power 
source; and 

a second motor drive unit that independently 
switches on and off. switching elements, to 
*\ ' iNhidk) the other terminal of said' second direct 
current power source, is not directly connected, 
, among the switching elements that are con- 
nected to power lines of the connection of said 
first direct current power source with said sec- 
\ y pnd direct currerit power'sburce. and irregular 
unipolar' clriving * said' three-phase motor by 



13 

BNSDOCID: <EP 1034968A1J_> 



25 



EP 1 034 968 A1 



means of said second direct current power 
source. 

16. A hybrid vehicle comprising an engine that is 
mounted thereon and directly driven with a fuel, a 5 
three-phase motor that works as a power source to 
drive said hybrid vehicle, a multiple power source 
system that supplies an electric power to said 
three-phase motor, and a motor driving apparatus 
that drives said three-phase motor, 10 

said three-phase motor having Y-connected 
windings, 

said multiple power source system comprising: 
a first direct current power source; is 
a power control circuit that is disposed between 
said first direct current power source andihe Y- 
connected: windings of said three-phajse motor 
and has switching elements, j which are 
switched on and off to supply on eledtric power 20 
output from said first direct current power, _. . 
source to said three-phase motor; and 
a second direct current power source that is dif-~ — 
ferent from said first direct current power 
source, l ' 25 

wherein one terminal ofsaid second direct cur- * 
rent power source is ; connected with a terminal . 
of said first direct current power source having 
an identical polarity, and V : 
the other terminal of said second direct current 30 
power source is cdnnected with a neutral point 
of the Y-connected windingsf in said three- 1 
phase motor, 

said motor driving apparatus comprising: 
a first motor drive unit that causes said power, 35- 
control circuit to drive said three?phase motor- 
by means of said first direct current power 
source; and ! 
a second motor drive unit that fndependently ' ::z 
switches on and off the switching elements that <o : 
are connected to power lines of the connection 
of said first direct current power source with . . 
said second direct current power source, and 
unipolar driving said three-phase motor by 
means of said second direct current power 45 
source, 

said three-phase motor being connected with - ; - 
either one of a drive shaft of said hybrid vehicle 
and a rotating shaft of said engine, 
said drive shaft being driven according to a sc 
driving state of said hybrid vehicle with at least 
one of a power output from said engine and a 
power output from said three-phase motor. 

55> 
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